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Abstract  This  educational  paper  reviews  the  normal  anatomy  of  the  cavernous  sinus  (CS)  and
the imaging  ﬁndings  of  common  and  uncommon  lesions  of  this  region.  CS  lesions  may  arise  from
different  components  of  the  CS  or  from  adjacent  structures  and  spaces.  They  can  be  classiﬁed
as tumoral,  inﬂammatory/infectious,  vascular  and  congenital.  Tumoral  lesions  include  benign
(meningiomas,  pituitary  adenomas,  schwannomas)  and  malignant  neoplasms  (chondrosarco-
mas, chordomas,  nasopharyngeal  carcinomas,  leukemia,  metastases).  Inﬂammatory/infectious
conditions  comprise:  Tolosa  Hunt,  abscess,  Lemierre  syndrome  and  thrombophlebitis.  Vascular
lesions include:  hemangiomas,  carotido-cavernous  ﬁstula,  aneurysms,  arteriovenous  malfor-
mations.  Congenital  conditions  include  the  epidermoid  cyst,  dermoid  cyst  and  fatty  deposits.
Although  imaging  features  of  non-vascular  CS  diseases  are  most  often  non-speciﬁc,  careful
analysis  of  the  adjacent  structures  suggests  the  correct  diagnosis.  In  vascular  pathology,  char-
acteristic  MR  imaging  ﬁndings  are  observed.
© 2013  Éditions  franc¸aises  de  radiologie.  Published  by  Elsevier  Masson  SAS.  All  rights  reserved.
IntroductionCavernous  sinus  (CS)  is  a venous  plexus  located  laterally  at  both  sides  of  the  sella  turcica
and  contains  important  vasculonervous  structures.  It  may  be  the  location  of  a  wide  range
of  pathological  processes.  We  will  review  the  normal  anatomy  of  the  cavernous  sinus  and
outline  a  range  of  CS  pathologies  and  their  imaging  features  (Table  1).
Abbreviations: CS, Cavernous sinus; MR, Magnetic resonance; ICA, Internal carotid artery; WI, Weighted image; CT, Computed tomogra-
phy; CCF, Carotid-cavernous ﬁstula; 3D TOF, Three dimensional time-of-ﬂight; IJV, Internal jugular vein; THS, Tolosa Hunt syndrome; FLAIR,
Fluid attenuation inversion recovery.
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CS.  These  invasive  pituitary  adenomas  are  associated  with
more  surgical  mortality  and  morbidity  [3].  Macroadeno-50  
ormal anatomy
S  is  a  septated  venous  plexus  surrounded  by  a  dural  fold
nd  located  laterally  to  the  sella  turcica  (Fig.  1).  Both  cav-
rnous  sinuses  are  interconnected  by  a  venous  plexus  named
he  coronary  sinus.  The  internal  carotid  artery  (ICA)  runs
edially  through  the  CS  surrounded  by  its  periarterial  sym-
athetic  plexus.  The  abducens  nerve  (VI)  passes  laterally
o  the  cavernous  ICA,  within  CS.  More  laterally,  within  the
ural  wall,  are  located  from  superior  to  inferior,  the  ocu-
omotor  nerve  (III),  the  trochlear  nerve  (IV),  and  the  ﬁrst
wo  divisions  of  the  trigeminal  nerve  (V).  The  third  division
f  the  cranial  nerve  V  exits  the  skull  through  the  foramen
vale  without  passing  through  the  CS  [1].  CS  medial  wall  rep-
esents  the  lateral  limit  of  sella  turcica,  and  it’s  nature  is
Table  1  Listing  major  imaging  features  of  common  and  uncom
Diagnosis  Major  imaging  fe
Pituitary  adenoma  Intrasellar  origin
Enhancement  is  
Displaces  ICA  wit
Meningioma  Dural  involvemen
Constricts  ICA
Schwannoma  Follows  the  path
Usually  originate
Dumbbell-shape
Chondrosarcoma  Origin:  petrocliva
Characteristic  hi
Chordoma  Origin:  clival  me
Bone  destruction
Leukemia/lymphoma  T2-low  signal  int
Restricted  diffus
Nasopharyngeal  carcinoma Nasopharyngeal  o
Solitary  ﬁbrous  tumor  Patchy  aspect  on
Aneurysm  Origin:  intracave
Outward  bulging
Heterogeneous  s
Carotid-cavernous  ﬁstula  Abnormal  CS  hyp
Dilated  superior  
Direct  and  indire
Hemangioma  Strong  T2  high  si
Progressive  and  c
Thrombosis  Non-fatty  enhanc
Tolosa  Hunt  syndrome  Orbital  apex  invo
Good  response  to
Epidermoid  cyst  Heterogeneous  h
Hyperintensity  o
Dermoid  cyst  Origin:  interdura
Fat  content  with
ICA: internal carotid artery; CT: computed tomography; TOF: three dim
m
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ontroversial,  either  ﬁbrous  or  dural  [2].  MRI  does  not  allow
n  accurate  direct  visualisation  of  the  CS  medial  wall  [2].
umors
ituitary adenoma
ix  to  10%  of  pituitary  adenomas  invade  the  cavernous
inus,  and  represents  its  most  frequent  lesion.  It  is  an
ntrasellar  process  with  lateral  extension  to  the  cavernous
inus,  in  opposition  to  other  diseases  originating  from  themon  lesions  of  the  cavernous  sinus.
atures
less  than  the  normal  pituitary  gland
hout  narrowing
t
 of  the  nerve  of  origin
s  from  cranial  nerve  III  or  V
l  synchondrosis
gh  signal  intensity  on  T2-wi
dian  notochordal  remnants
 (better  seen  on  CT)
ensity
ion
rigin
 T2-wi  with  mixed  high  and  low  signal  areas
rnous  ICA
 of  the  arterial  wall  on  arterial  TOF  imaging
ignal  on  T2-wi  with  possible  multilayer  aspect
erintensity  on  arterial  TOF  imaging
ophthalmic  vein
ct  type
gnal  intensity
entripetal  enhancement
ement  defect  of  the  cavernous  sinus
lvement
 corticosteroids
igh  signal  intensity  on  high  resolution  T2-wi
n  diffusion  wi
l
 high  signal  intensity  on  T1-wi
ensional time-of-ﬂight.
as  (>1  cm)  appear  hypointense  on  T1-weighted  image  (wi)
nd  hyperintense  on  T2-wi.  They  enhance  after  gadolinium
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Figure 1. Anatomic diagrams of the cavernous sinus. Coronal (a) and lateral (b) views. 1: cavernous sinus; 2: internal carotid artery; 3:
oculomotor nerve; 4: trochlear nerve; 5: ophthalmic nerve; 5′: maxillary nerve; 6: abducens nerve; 7: pituitary gland; 8: sphenoidal sinus;
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a9: mandibular nerve; 10: Gasser ganglion; 11: trigeminal nerve.
Drawing© Amine M. Korchi.
administration,  but  less  than  normal  pituitary  tissue.  Inva-
sion  of  the  cavernous  sinus  is  secondary  to  the  perforation  of
its  medial  wall,  and  is  very  likely  if  the  lateral  intercarotid
line  is  crossed  or  if  the  encasement  of  the  intracavernous
ICA  by  the  tumor  is  greater  than  or  equal  to  67%  [3]. Inva-
sion  may  be  more  extended  laterally  after  perforation  of  the
lateral  wall  of  the  cavernous  sinus.  In  general,  they  displace
the  ICA  without  narrowing  (Fig.  2)  [4,5].
Meningioma
It  arises  from  the  arachnoid  cap  cells  attached  to  the  dural
wall  of  the  CS.  On  T1-wi  meningioma  appears  isointense  to
gray  matter,  on  T2-wi  the  signal  is  variable.  It  may  contain
calciﬁcations,  induces  adjacent  hyperostosis  and  enhances
strongly  after  contrast  administration.  The  main  features
distinguishing  it  from  pituitary  adenoma  are  the  presence  of
a  large  dural  base  and  the  constriction  of  the  intracavernous
ICA  lumen  (Fig.  3)  [6].
q
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Figure 2. Pituitary adenoma. Coronal T2-wi (a) and coronal enhanc
appearing hyperintense on T2-wi and invading the left cavernous sinus
displacement of the arteries by the mass (stars) without stenosis.ntracranial solitary ﬁbrous tumor
t  is  a  rare  mesenchymal  tumor,  usually  extra-axial.  It
ppears  isointense  on  T1-wi  with  strong  and  heterogeneous
nhancement.  The  characteristic  ﬁnding  is  a  patchy  appear-
nce  with  high  and  low  signal  areas  on  T2-wi.  (Fig.  4)
7].
chwannoma
ntracranial  schwannomas  are  usually  developed  from  sen-
ory  nerves;  within  the  CS,  their  origin  is  mainly  from  cranial
erves  III  and  V.  Schwannoma  (Fig.  5)  is  a  well  delineated
ass  which  appears  iso-  to  hypointense  comparing  to  the
ray  matter  on  T1-wi,  hyperintense  on  T2-wi  and  enhances
fter  contrast  [4,5].  The  trigeminal  schwannoma  has  fre-
uently  a  typical  dumbbell-shape  within  the  Meckel’s  cave
nd  cavernous  sinus,  respectively  along  the  cisternal  trigem-
nal  course  [5].
ed T1-wi (b) showing an enhancing pituitary adenoma (arrows),
 with an encasement of the left internal carotid artery. Note the
852  A.M.  Korchi  et  al.
Figure 3. Meningioma: axial T2-wi (a) and T1-wi after contrast (b) showing a left cavernous sinus mass (white arrows) slightly hypointense
on T2 sequence with strong and homogeneous enhancement. This lesion presents a dural tail anteriorly and posteriorly and totally encases
the intracavernous left internal carotid artery, which is narrowed (black arrow).
Figure 4. Intracranial solitary ﬁbrous tumor. Axial T2-wi (a) and coro
right skull base extending to the right cavernous sinus with an importan
lesion shows a strong enhancement after contrast (b), and a mixed signa
Figure 5. Schwannoma: axial enhanced T1-wi at the level of the
cavernous sinus showing a well deﬁned and enhanced mass lesions
located bilaterally along the cisternal portion of the trigeminal
nerves (arrows); the left one extending to the cavernous sinus and
Meckel’s cavum. Theses lesions suggest schwannomas of the trigem-
inal nerves and can be seen in type II neuroﬁbromatosis. Note the
enhanced extra-axial left temporo-polar lesion corresponding to a
meningioma.
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[nal enhanced T1-wi (b) of a large extra-axial mass (arrows) of the
t mass effect on the right temporal lobe and mesencephalon. This
l on T2-wi (a) with intermediate-high and low signal intensity.
hondrosarcoma
avernous  sinus  may  be  invaded  by  a  chondrosarcoma,  which
rises  from  the  petroclival  synchondrosis.  On  MR  imaging,
he  tumor  shows  a  characteristic  high  T2  signal  (Fig.  6).
emorrhage  or  mucin  can  be  seen  as  hypersignal  on  unen-
anced  T1-wi  within  the  tumor.  An  important  feature  is
he  presence  of  matrix  calciﬁcations  that  appears  speckled
nd/or  amorphous  on  CT  [5].
hordoma
ntracranial  chordoma  (Fig.  7)  is  a  rare  malignant  tumor
sually  developed  from  the  notochordal  remnants  within
he  clivus,  close  to  the  spheno-occipital  synchondrosis  and
ay  invade  the  CS.  It  is  a  soft  tissue  mass,  hypo-  to
sointense  on  T1-wi  and  hyperintense  on  T2-wi.  It  shows
mportant  and  heterogeneous  enhancement.  On  CT,  bone
estruction  and  intratumoral  calciﬁcations  are  often  seen.
mall  spots  of  T1  hyperintensities  can  be  noted  within  the
umor  and  are  related  to  intratumoral  hemorrhage  or  mucus
4,5].
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Figure 6. Chondrosarcoma: large mass localized on the right petroclival ﬁssure invading the right cavernous sinus and extending to the
posterior fossa with mass effect on the pons. CT shows stippled calciﬁcations and petrous apex erosion (a). This mass is strongly hyperintense
on T2-wi (b), and shows heterogeneous enhancement after contrast (c).
Figure 7. Chordoma: mass centred on the clivus and the right cavernous sinus, heterogeneously hyperintense on T2-wi. (a), hypo- to
isointense on T1-wi with an heterogeneous enhancement after contrast (b) corresponding to a chordoma.
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avernous sinus metastasis
etastases  (Fig.  8)  are  infrequent  and  secondary  to  perineu-
al  or  hematogeneous  extension,  from  head  and  neck  cancer
r  distant  primary  malignancy.
CS  appears  enlarged  by  an  enhanced  tissular  mass  with
ulging  of  its  lateral  walls  [4,5].
eukemia/lymphoma
hey  usually  involve  the  CS  by  direct  extension  from  the
asopharyngeal  structures,  or  by  hematogeneous  dissemina-
ion.  They  are  enhancing  masses  (Fig.  9)  with  T2-low  signal
ntensity  and  restricted  diffusion  [8].  An  inﬁltration  of  the
kull  base  bone  and  an  encasement  without  constriction  of
he  carotid  artery  can  be  seen  [5].asopharyngeal carcinoma
t  can  involve  the  CS  by  direct  skull  base  invasion,  through
he  foramen  lacerum,  or  along  the  branches  V2  and  V3  of
m
b
s
e
igure 8. Metastasis: sagittal enhanced T1-wi (a) showing melanoma 
black arrow) and the left third cranial nerve (dotted arrow). Note also
rrow) extending to the optic apex and cavernous sinus (black star). Axia
nd a destruction of the left anterior clinoid process (circle).
igure 9. Leukemia: coronal T2-wi (a) and T1-wi after contrast (b) 
ypointense on T2-wi in comparison with the right cavernous sinus (b
ithout narrowing it.A.M.  Korchi  et  al.
rigeminal  nerve.  The  tumor  appears  hypointense  on  T2-wi,
ypo-  to  isointense  on  T1-wi  and  enhances  after  contrast
Fig.  10).  The  perineural  spread  is  depicted  by  an  enlarged
nd  enhanced  nerve  associated  with  an  enlargement  of  its
oramina  [4,5].
ascular lesions
ntracavernous aneurysm
hey  represent  2—5%  of  intracranial  aneurysms.  Most
re  associated  with  vascular  risk  factors  but  intracav-
rnous  aneurysms  can  be  secondary  to  trauma  or  septic
hrombophlebitis  (infected  aneurysms).  They  appear  as
 heterogeneous  signal  with  T2  hypointensities  related
o  ﬂow  voids,  calciﬁcations  and  intracellular  deoxy-  or
ethemoglobin  (Fig.  11),  and  T1  hyperintensities  caused
y  subacute  thrombosis  or  ﬂow-related  [4,5]. Vascular
equences  (such  as  time-of-ﬂight)  are  commonly  used  to
valuate  the  aneurysms.
metastases appearing as enhanced lesions at the level of the pons
 the heterogeneously enhanced mass of the orbital ceiling (white
l CT with bone ﬁlter (b) showing a widening of the optical foramen
showing a tissular lesion of the left cavernous sinus (white star),
lack star). The lesion encases the intracavernous carotid artery
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Figure 10. Nasopharyngeal carcinoma: nasopharyngeal carcinoma invading both cavernous sinuses with carotid encasement and mass
effect on the pons. The tumor appears with an intermediate signal on T2-wi (a) and heterogeneous enhancement on T1-wi after contrast
(b).
Figure 11. Aneurysm: axial T2-wi (a) shows a heterogeneous and enlarged right cavernous sinus with a multilayer appearance (black
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darrows) corresponding to a giant intracavernous aneurysm. Note 
rendering showing the aneurysm (b).
Carotid-cavernous ﬁstula (CCF)
CCF  is  a  traumatic  or  spontaneous  abnormal  communication
between  the  cavernous  sinus  and  the  ICA  or  the  meningeal
arterial  branches  of  the  CS.  CCF  can  be  a  direct  commu-
nication  between  cavernous  ICA  and  the  cavernous  sinus
(type  A)  and  is  almost  always  caused  by  a  traumatism  or
less  frequently  by  a  ruptured  ICA  aneurysm.  Indirect  CCF
(type  B,  C  and  D)  are  dural  shunts  between  the  CS  and  the
meningeal  branches  of  the  cavernous  ICA  and/or  external
carotid  artery.  On  enhanced  CT,  an  enlarged  cavernous  sinus
associated  with  a  dilated  superior  ophthalmic  vein  and  uni-
or  bilateral  proptosis  can  be  seen.  On  MR  imaging,  ﬂow  voids
within  the  cavernous  sinus  (Fig.  12)  and  hyperintensity  on
arterial  3D  TOF  suggest  the  diagnosis  [5].Hemangioma
It’s  a  vascular  lesion  rarely  located  in  the  CS.  Differ-
ential  diagnoses  include  meningioma  and  schwannoma.
l
i
aass effect on the right temporal lobe. See also the 3D volume
emangioma  appears  isodense  or  slightly  hyperdense  com-
ared  with  surrounding  structures  on  CT,  and  does  not
ontain  calciﬁcations  [9]. The  characteristic  imaging  ﬁnd-
ngs  are  a  high  signal  in  T2-wi  and  a  progressive  and  strong
entripetal  enhancement  (Fig.  13)  [5,9].
nﬂammatory/infectious
enous thrombosis
enous  thrombosis  of  the  CS  might  be  related  to  loco-
egional  infection  spreading  from  sino-nasal  cavities  and  the
astoid.  It  appears  as  a  non-fatty  defect  of  an  enlarged  cav-
rnous  sinus  (Fig.  14).  The  superior  ophthalmic  vein  may  be
ilated  [4,5].Lemierre  syndrome  (Fig.  15)  includes  an  internal  jugu-
ar  vein  (IJV)  septic  thrombosis  caused  by  an  oropharyngeal
nfection  and  septic  metastasis.  The  thrombophlebitis  can
lso  be  located  in  the  cavernous  sinus.  Enhanced  CT  is  the
856  A.M.  Korchi  et  al.
Figure 12. Carotid-cavernous ﬁstula: axial T2-wi (a) of a carotid-cavernous ﬁstula appearing as a heterogeneous signal with ﬂow voids
of the right cavernous sinus (black arrows). Note the dilatation of the superior ophthalmic vein (dotted arrow) and the carotid-cavernous
ﬁstula (white arrow) on an arterial TOF of another patient with a carotid-cavernous ﬁstula (b).
Figure 13. Hemangioma: hemangioma appears as a very well delineated lesion of the left cavernous sinus (white arrows), hyperintense
on T2-wi (a), associated with progressive and centripetal enhancement (black arrow: b, c).
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Figure 14. Venous thrombosis: bilaterally heterogeneous and enlarged cavernous sinus on T2-wi (a), containing low signal areas on
enhanced T1-wi suggesting clots (blacks arrows: b).
Figure 15. Lemierre syndrome: enhanced axial CT (a, b) showing a left heterogeneous and irregular nasopharyngeal thickening (white
lar v
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tarrow). Note also a lack of opaciﬁcation of the left internal jugu
narrowing of the intracavernous internal carotid artery (white arrow
preferred  tool  to  diagnose  IJV  thrombosis.  MRI  is  useful  to
depict  cavernous  sinus  involvement  [10].
Tolosa Hunt syndrome (THS)
THS  is  a  non-speciﬁc  granulomatous  inﬂammation  located  in
the  orbital  apex  and  extending  to  the  cavernous  sinus.  THS
can  be  bilateral  in  5%  of  the  patients.  It  responds  strongly
to  systemic  corticosteroid.  It  appears  as  a  soft  tissue  mass,
isointense  to  gray  matter  on  T1-wi.  It  shows  a  variable  sig-
nal  on  T2-wi  and  moderate  to  intense  contrast  enhancement
(Fig.  16).  The  cavernous  ICA  can  be  narrowed  by  the  inﬂam-
matory  process  [4,5].
Congenital
Epidermoid cystCS  epidermoid  cysts  are  rare  and  can  involve  it  in  three  dif-
ferent  ways;  an  extracavernous  epidermoid  cyst  can  invade
and  compress  the  CS.  It  can  arise  from  the  lateral  dural
f
u
w
aein compatible with a thrombosis (black arrow) associated with
 well depicted on a 3D reconstruction of the MR angiogram.
all  of  the  CS.  Finally,  it  can  be  located  inside  the  CS.  They
ppear  hypodense  on  CT.  The  main  features  are  a  heteroge-
eous  hypersignal  on  FLAIR  and  high  resolution  T2  imaging,
nd  high  signal  intensity  on  diffusion  wi  (Fig.  17).  They  show
o  enhancement  [4,5].
at deposits
ormal  fatty  areas  can  be  found  within  the  cavernous  sinus.
n  some  speciﬁc  conditions,  these  fat  deposits  can  be  larger
s  seen  in  patients  receiving  corticosteroids,  in  Cushing  syn-
rome  and  obese  people  [5].
ermoid cysts
t  is  a  rare  and  benign  congenital  tumor  developed  from
ctopic  epithelial  inclusions  during  closure  of  the  neural
ube.  They  contain  dermal  elements  such  as  sebum,  keratin,
at  and  hair.  Dermoid  cysts  involving  the  cavernous  sinus  are
sually  developed  between  the  two  layers  of  its  lateral  dural
all  and  are  classiﬁed  as  interdural.  Dermoids  cysts  are  oval
nd  show  regular  limits  on  MRI.  They  present  heterogeneous
858  A.M.  Korchi  et  al.
Figure 16. Tolosa Hunt syndrome: axial (a) and coronal (b) T2-wi, sagittal (c) enhanced CT, showing a tissular hypointense enlargement of
the left cavernous sinus (arrows) with an enhancement and an extension to the orbital apex (star on image c). These ﬁndings are consistent
with a Tolosa Hunt syndrome.
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verno
[Figure 17. Epidermoid cyst: hypodense lesion (a) of the left ca
heterogeneous hyperintensity on high resolution T2-wi (c).
signal  due  to  its  heterogeneous  content,  high  signal  intensity
on  T1-wi  and  low  or  mixed  signal  intensity  on  T2-wi  due  to
the  presence  of  fat.  They  displace  medially  the  cavernous
ICA  without  narrowing  it  [5,11].
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